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Characterization of Cyrerall Core 

Density, Porosity, and Log Parameters 

-72 ,” ive types of density were derived for each sample from the 

subject well: 

1) bulk density - measured by immersion of krylon-coated sawed 

blocks of whole - sample in Kerosene. 

2) matrix density - the density of the ground whole - sample as 

measured by the vacuum-crucible met’nod described by Nuhfer (1978). 

and es-t-ablishetiin- 

era1 de.nsi%y values tabulated reference sources. Note 
T 7 

cineralloids. 
W;‘j,.- - 

any amorphous (to 15:ray) _, * _ .- - - I - ‘v’ 2 . 

d) material balance density - a density computed f?Om $he NhOle 

rock ccmgosition as established ‘by estimates of organic mat’ver from 

loss on ignition between lCO°C and jsO°C; from non-pyritic nineralogg 

as determined by X-ray diffraction ar.d pyritic IIliXeI'alOgy 2s back- 

calculated from total sulfur (LECC) analyses. T-As was used only as 

a check against matrix densit: to locate samgles 'dith an unacceptable 

disparLl;y between a directly meas*u, _ F+d matrix densiz:y md a density 

talc ulated from domposition. Z4aterial balance ZenSitjl I 30'; used 

,as a __ cc--elation variable. 

5) log density - th.e density taken from the bu:k density Icg - 

l,t A’” - ,,,e Log depth subjectively sele,cted as corres?ondlng to the 

sample depth taken from zhe core. 
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or’ Sulk and matrix density is about 19.01 g/cc. This yields a 

corresocndinq Porosity precision Of about *0.55. 

3iscussion of Statistical Correlations from Cverall Ccre 

3ulk Censity - Significant negative correlations exist between 

bulk density and loss on ignition lOO-500°C, porosity and gamma. ray 10% 

the predictable effect of lcw density organic matter on bulk density. 

Concentration cf U and Th in organic matter is reflected in the ne,o- 

ative cor2elatlcn (-. 59) with gamma ray log response. T3e cav?al ation * - -- 

tfie 

hisher dtnsiT;7 (lower organic content , 3 &&oanded si?alts.. ,A verg 
-3 

high positive correlation With 
(f. 33) is exclaklec: 

by the low porosity of all 

precision in measurement of 

? Matrix Zensit. y - Correlations of macri:c density mimic those cf 

bulk density because of the lo.6 porosity in the shales arAc * b - are dis- 

c-2ssed above. 
. . 
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IL?. gain deRsiT;y :iith an Increase Fn nyrite c.ontent . Less c?. 

isniti,on lCiC- jjCoC shows a positive correlation (+. ,- =: )- r)Jifh pyyLte 

vhich err3 ;ains t2.e 30s it Fve co-relation between loss er: ignitiZK 

130-jjO°C (OT~SI~C contenT) and increasing grain demity. 

?orosity - .A SignificZlt negative corretation C-.31) exists 

with bulk den,sity. 12 material of constant matrix density, buik 

density is theoretically inversely linearly related to porosity. 

The low correlation coefficient here is attributed to non-constant 

matrix density and uniformly low porosity values which are indiv- 

idually' SigEificaZc ly affected by the error in measurement of' evtn 

i~3'dX~e~~A~tiOnS. the very precise methodology used by u~+ZFi~aFos v : .I . 5 ? '._ 
Additionally, the iligher buik densitkrfi?i-bah,ded, s ;? a i e s r.ave a 

than bhe lowe'eLr;k; dens.1 J 
- -3 

iO\(rer mean porosity L i , ~ ~ ,,y _ t' fine'y lamyna?: : 
- 

shaies. 
. .- .. y, 7 4 ; . . . 

tiifti'-,: -; .- > . . 
LOE ~~!?Si~;r - ;Jeak negative correlations &t$ 15s-s-o;;1 y-g.tl"-y$ 

LCC-jjO°C (-.52), total sulfur (:.43), and pyrite (-.GO) are a?odxced 

by low density Organic matter and associated pyrite. ?ositive 

correlations iJAsL *"I bulk density (c.44) and matrix density (+.ja) are 

cur~risizglg good considering that the SaEIpie depth could not be " _ - 

corrected to the geophysical log depth. The degree of correlation 

- '4 - 
among these parameters is lower than would normaliJ be ex;pecteo. 

T'-is is because core samples are point samples which are not strictly &-*a 

oomI;arable C,o 10% data acquired as a function of a xovr’,ng average 

5, 0; instruz2r.t respocse. Considering a gross samplt size of two or 

three feet cf boreho1e, a good. approximation of bUi4 density can be 

derived from dexitg iO% values. 

Gamma 3av a 'iesgonse - Significant negative correlations 
.c e- 

-- 

fween this variable and bulk density (.-. 59,) \ matrix densicy, (-. 36:) 



. 
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Zizcussion of SZatLszical Correiatiorls I”,-onr 2verall Core 

Xineraloglc and Loss on ignition ?a,-axe\;eys 

P1U.y variables showed significant sOSitire 
ar.d negati-re cor- 

relations with 3ne another, ‘cut the relatively small sarale size of 

T’,he ;:oplAatfon ,coupled w;th the problem of ingrezise X-ray data 

-nnara-,,zd 5,-.*-A f?om some minerals present iri low ccncentzation pm- 

ducod many fortuituous correlations due to one OF two outlying 

p(;int 3 . As suc.h, Slvarlate scatter plots were used to deternine If 

the trer,ds indicated by the comelation sde?r’: Pi at-t3 ‘de?? be ---“I iCdePd 

characteristic of the lever gart ofpkm -6~rer-k %4zber, $?e follcning . _. .7 -. 

correlations 2i'JhOug;h staCis$ically- skgnLfic2n: xere _ 
p o ur,d J: o b e 

p- --. -*,- 

produced by one t3 two outlyiqg-points and should not Se taken as .._. - _ - 

$uartz-feldspar (thin-section) - Xeml-hydnace 

Orthoclase - 15 A"ciay 
-* 50 

Ortkoclase - Coquiabite l .55 

GyDsun - Coqui,xbi.te +.5i 

Xaolinite - Illite -. 52 

Ankerite - Bemi-hydrate +.95 

?lagLociase - illite -.49 

“IT sic-es -iA e f allowing correlations are interpreted I?-err scaxter 

4.2 *-a re2zesensab, v _ of gerierai trends ,in the lcwer ?aS 3f the Zurcr, 
8.5 
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-* 

3e correlation of td.r. sec:ior, quartz-fel&s>ar ;JiT;‘;= illit 

+-'lects dil>Jsion of one mineral by ancther. e--A 
Sizgene:icallg pro- 

2uced kaolinlte ;'ron r'eidspar possibi;l e:c?iains the kaslinife asso- 

clzzion. The stung negative correlaZior or' X-ray qzarfz 22.2 illise 

is DrociuceB by ",ilution. 

Loss on igni.tiOn 100-5jOOC - Pyrite +.51 

Loss cx i&tiOn jjO-1000°C - ?yy-Fte +. 5lC 

Lsss on igniti on lOO-550°C - Sulfur +.5’! 

Loss on ignition jjO-10GOOC - Sulfur i.6C 

%le association of loss on ig,i~i';;;I-'&<ii~5~CcC ?tith? CJ.y+ie 1 anu 
./ 

total sulfur reflects the high qyite,content Of OrgariC rich SkaieS / 
. .J hAthin the iCWer aa7T; 3f the FIxron Yerde?. 

Fyyit;.e‘ 2nd fJO+,ai Zi? 

,r. - _ . . 

. 
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Characterization cf lic'notyges in 

Devonian Shale of Jackson i369 

zle iGWer part of the Huron Member in Jackson 136 9 contains m&y 

shale lithotypes and is not overwhelmingly dominated by any one type. 

In 1 differs this respect, the lower Huron of this wel- fzcn that of the 

lower Hurcn described as dominated by a single lithotype in our 

grevious report on Llnc 1637 (Nlzifer, Vinopal, Sohn,et.al., 1978). 

in Jackson 1369, correlation of physical and compositional variables 

of t2.e stratigraphic unit as a whole ty>dsrcQ aa-s~,+aQj~ $2 ZifiCant 
L 

,, - 

correiations within a specific li$co_tybe'; 
: g *.A ,?y 

."'CorGelatio*s ,$ @thoty,>e '. j 
are listed in Appendix C. A shake:. ciassification based on fkb:LT -. __ .-- 

L used in ch&aite<i.k$g the.Lincoin elements was ffirsl. .$3'7 _ ti..e,+ll ' , 
.~,Lk',, :-. ; 

R&&n& &&IS +a ~!~~$$j (Xuhfer and VinOpal, 1978; Muhfer, Enopal; - 

and later modified in Nuhfer and Vinopal (1979). Tive types of 

S:Llaie are defined: 1) Non-banded shale is generaiiy devoid or' 

r,ro?=r-=d orientation of a.tyy visi'cie fabric eiements except for the -u*a--- 

ori%ntation of clay laths due to compaction. Some SVnpiPS Show 

'l+ content, but occasional tC-2 laminae defined by vaTyicg ~1," most 

appear massive in thin section and radiographs. This iithotype iS 

usually extensively burrowed, coinmonly contains nodular pyrite 

and is not associated with gas grcducsi-rity. 2) S'har-,S;I bacded 

shale imparts a coarse lizear ;- "gbric produced 'by alterzate ligh? 

and dark bands '13 to several cm in t;hiCkXeSS. 
3oundazfes bemeen 

bands are shar?. in core sized smplps, the bands extend across 

she core. ?yritized spores, large frqaboidal aggregates, ggrri;e- 

filled -*sgTLaeresis cracks " w,d occasional nodules are preser.t. This 

nl ', shale type is 20;; associabwd bari Cf 'd F '4 2 gas production. 3) ;e nticula,- 
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Iaminated shaie e:chiSits a linear fa'briC 
;roduzte ‘~7 alternate 

1 4 m’+$- and da?!< laxinae up to 2 centimeter in till c;cnes s . Xowever , a-+&b 

the boundaries 3etween laninae are after, undulatory. 3Lctlurbattcn 

is common at laminse boundaries. 2 core sizer’, sa.mpies, C3.e 12IRkl2t 

are more discontinuous and thicker.compared to the thinly laminated 

shale ty?e. This shaie type may be associated Xiti; gas ;roducticn 

depending on its organic content and lateral continuity of porous 

pyrite bcdies. II) Tk:iniy laminated shale consists of uniformly 

thin, dis con-; inus-2s laminae caused by wispy concentrations of silt, 

pyritic matter and organic matter. Ycst laT.iCae x-0 less thaz 

2 mm in thickness. hdnae joun~~~~e~8,-e-e-~en,. ska=p ?nd rarely .:-, ,’ 

undulatory. 

boids. Trac’;Lo.n 

is associated With gas 

. 

!:-oduCtiVP 

Combinations of the above types, where txo or more of the above 

, 
tjl yes ~CCUT :qithin a Snail (nand sFecimen-s-YUY i ?.=A) gcrtir, 3f the 

veTt+ cai ?JrOfiie. - a- Additionally, two non-shale lithoty?es are 

present in minor amounts in the lower gart of :he 3uron ?!ember in 

jackson Co * , crcssbedded argillaceous sj..I,ts’;ones and csncrecions. 

Thinly Iaminafed shale - Within zhe cored portion of the Io:<er 

Fart 0 f the Huron Member, thinly laminated shales comprise approxi- 

-a’;eiy one third of the szm;~sles collected. “bbinlr labT,iyAac;td J s h a I 3 a. 
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higher than that of the non-banded shales. Near. matrix density 

and bulk density is lower than that of nonibanded shale reflec'iing 

the higher organic content. Eowever , <he mean grain density is not 

si,sifi cantly different from these of the other llthotyces indicating 

that mineraiogic di fferences a,-e not great. 21ea.n porosity (1.35) 

is not different f?om that of the lenticularlg laminated shales 

(l.53) and non-banded shales (L.35). Log parameters of bulk density 

and gamma ray response do not differentiate finely laminated core 

samples from the other lithotypes in this well. Many of the cor- 

relaci ons shown in Appendix C wi-th magnitudes .jO-.6j are not reai, 

produced by the small sample size and 
P 
1 .&W$ ?Y., - = _1 ; ‘,^ ~ , , 'bat many of the data 

values for minor components are zero. 
L,;?;g;L;;e 

- ,,,, !y yu .- .- 
is shcwn by the correlation bet.4 '.$@$+imbi'ce: and illit? (-.jF);-. 4T 

of this efiect '. 

many of the samples have a coq$g&YEervalue of zero and only a f.ew 
. . !. *L'.,‘ - 

point s in&we the correlation. WiZf Sigrli-fiCZnt- cQ.rrelations _ _ _ __ -, ._., 
: J 

generally appear betsJeen sample depth, LOI (organic content) and: 

.density parameters. Loss on ignition ICO-jjO°C shows predictable 

negative correlations with bulk density (-.81) with sample depth 

probably reflecting the correlation between LOI 100-jjOcC and 

SZiTQlZ depth (+.6j). 3e thinly laminated shales in the lower pOI't;i.t)n 

0: the core contain more organic matter. 

Lenticularly laminated shales - Kithin t:ie cored interval, 

Iecticularly laminated shales comprise about one third of the sam- 

?Ies collected and appear to be relatively more abundant iZ the 

lower portions of the core. T%e means of LCI organic content and 

SUlf'JF fall between those of the thinly laminated an- 4 non-banded 

shale types. Several of the le3,tiCUlarlg 1aminated sha,, 7 =s have an 

organic content equal to that of the finely-laminated shales. ICO s t 

Si'"' -10 - 
,,.,flcant correlations Invclve LCI orgar.ic 23nztr.t, 32muir CesTh, 
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and density ?a:axiestrs. 3ensit;r lo,- va:ues show 20 correlatLon :iLth 

sample derived buXi der-sitjr. -..-&. section <l:artz -7, (- .s’Ll; , and 14 .A0 

clay (- .55) shcw negative correlaziccs wit:? sample SeGth which re- 

flect 5iiution by 2.n. increasing iliite ccr,;‘,er,t (i, 5,8) With SZZl~,le 

depth. LOI organic content has a moderate positi're corr%lation 

(+.72) with grain denzity, which reflects the association 3etweez-i 

LOI organic content and high density pyrite (+.7?). The negative 

correlation (-. 59) between buik density and porosity iS not real and 

is due to variable matrix density. The correlations cf bulk density 

with dolomite ;+.71;, gsnla ray resocnse wit’h orthociasz (-.55) aEd _ 

coc_uiabite with 

Z-1' 7 a- -A- density (- and 

::eprPsent correlations _. 

or,e fourth or’ The sazqles collected and aa?-ear. to. -be- re:at;ively . ‘” 
mor$ abundant in the uF?er and basal portions of :tie cox. T:?Is 

iithotype has the lowest mean s~I:~ur, ;grite, gcrssizy and LOI 

organic content yralues. Car-espondinglg, mean ‘bulk dersity and 

matrix density are higher than ct;?er shale :Ithot;r?es SE to -;h,e 

lower organic concert. LO% characseristics (bulk densi?;r, gzmma ray 

resporse) do r=ot significantly dir’fer from those of other lithotypes. 

Log density shcws no correlation with sample derived Sulk der,siCy, 

possLbiy "I" 'qeflause Of 2. small <a’;a ‘case. ?.~-ite SkOWS a StTCng COT- 

-al -we aaior, (+.8j) w",th total sulfu- - A. which is much Xgher z;?an that ol' 

;he other lithctyJ3es zr,d ~ossiblg Lr.dicates the -,zser,ce of non- 
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~;rese:~t the biasirig effect of cne 2r two uoints on an ,overall 

trend of nc correlation. ?orosity shows a moderate correlation 

(+.61) with matrix density which is in agreeme nt 'Rich the association 

of porosity and 

Tiricpal, 0975) - 

Siltstones 

(1. 48%) make up 

pyrite iz Devonian shales described by Xuh,fer and 

- Crossbedded siltstones with low mean porosity 

a minor portion of the core. The combination of 
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k 

3ulk density - ??ecision of ‘0,ull.c densicy is be::er thar. 3.,?‘: ? 

g/c;. If is resorted to two decimal. clacos, both being Valid 2nd 

-0-j ; * i-d able. 

Yatrix density - ?necision of matrix der,sity is bet-;er ThaZl 

0.01 - g/cc. Several methods of matrix determination were examined, 

bu; the ‘JBCUUrn crucible neThod deviser’, by Nuhfer was as reproducible 

as an-r A:STDl mehsod exa,mined and vas much faster. ?Loc:c powders v 

ri*! ad a< - iw room temperature were utilized. It was proven by examlnaflcn 

_I or sa.m> 1e 3n i.n.dLvidual thermograms that ground shales dried a: 
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X-ray diffractian mineraiogy - Precision estknated as k'I"J? ser 

determination on mineralogy >I95 in tot21 zcncentration; 1525 on min- 

=-ais se present in concentration between ?"o-lC? and as much as 'I:$:: 

on law concentration materials. At this time, uncertainty wLt*h 

respect TV stoichiometric composition, amounts of any amorphous 

mineralloids and further lack of information *&th respect to effects 

of matrix differences (arising from composltional changes between 

thinly laminated lithotypes at one end, and non-banded iithoty?es 

at the other) prevent one from making ccmp-- l=te estimates of the 

accuracy of determination of each mineral. .Comparisons of X-r&y 

~Zif.Z’?action data with prelLminary geochemfcal data and-of X-ray 

diffraction-based material balance d *'~.iji+$ ,saaG&r-+:e densfty are 
a 

St111 in progress. r 
* j$$p!:.~ : : ; - .f 

-- .- .- : 
lY Si.55 per 

_ -'G -;3 
Total SUlrU? - ?I-?CiSiOKI i determination - -. _.-- :, 

from analyses of ground sampi 

Thin Section Point 

and Eohn (ig78), p0ir.t cour,ti.rlg of Shales a?;pears irqrecise ZelZtLyie 

t3 estkatizg amounts of nineralogic and organic ccmpcnents in 

Cevonian Shales. The percent of silt, assumed to be proportional 

to c;he amount of thin section quartz-feldspar, is useful in maLLng 

sedimentoiogic interpretations and was deterai.Ced for each sam2l.e. 

Additionally, thin section petrography xas used extensively In 

'2brFc analysis of shale lithotypes and in examining crystal tex- -a 

3UPSS in. filled FT3CtUroS. 3epro~ucabiiitg depends on consistence 

Or' zicroscopist. It is advisable to have onig one misrosco;ist 

(do aii or' the point counts for a single Well 9 crder to I--- 7 'a16 

13; : 
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produce eq=lui-Jalent sainples cannot 5e overemphaslze~d. It 1s Lm>er- 

ative that only a Skilled, conszizztious technician be encrusted 

'&i',>, resy)onsi'Dilitr J for initlai subsamplinq. Samples which yielded 

appzrectly enomalous rssKlts wer3 r--in Fz TE?pliCate. Ynere r2glica- 

tions reconfirmed the anomalous __ v3 1 ~l@~,~gtre- d-a%& sierg -raqJ$ned. 71z 
'3 ,.._ 'I :: 

chance, however, Still. Exists i,*t,$j~-~asls that an akrupi iaferal 
‘; ; 

variation caused inconsistent m&,,e-~LaLs to be compared, prod<c3q 
Q '7 : ---. 1 A 

anomalous val.Jes. w&pi j 7 . .I -i 7 'id i' ij' 
- ." 

i,, ti. -4- \J$ J 
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Summary and Interpretation 

The 50 samr,les taken from the 297' core of Sac 1!69 hz72 bee:: 

ciassified into six lithotypes based on fabric eiements as seen in 

radiographs and negat:ve prints (5x) of thin sections. Xon-shale 

lithotynes; siltstones and concretions, are of miner abundance in 

the core. The Pour shale types are: 

1) Thinly laminated 

2) ientici:larly laminated 

3) Sharglp banded 

4) Ncn-banded pp---- 7- -__ _ _ -,~ T 
6 ,->e 

The numerical. order from 1 (thinl: laminatedj -through b (non-banded) 
Fti c\ ;T !-- .C .; .- 

is a generally valid ?rogressive$&qder which reflects COmpOSi,%~ . -I 1 

with respect to decreasing re$Siti'g p:'?iti& 

matter. This order also reflects 

*Yv ir* the finely InMated lithotype towards a more random fabric in 

the non-banded type. A cross section through the CottageTrille ?ield 

in Jackson Co. (?atchen, 1977) shows that ma;or gas gays are 

associated *Nith the higher radioactive upper and basal portions of 

the lcwer Euron interval which contain reiatiyrely ZOP~ organic rich 

finely laminated and lenticularly laminated shale than bO.XIding 

stracigraphic zones. Zecause the lateral COKltinUity iS greasest iFI 

the thinly laminated LithOtype, this fabric may favor lateral ccn- 

duction of gas. 

The subject Wei1 (Jac 1369) had a very high final ocen flow Or' 

1007 '(rCF/~ay ad is located at the sou;hwestern margin al' a lizear 

trend of high r,atcral open flow wells (Xuckols, ig78:. "32s linea,- .. 

trend kas beer. Lnzer?reted by Sundheimer (1378) as asssciated wi-rk 
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Current theories of the role of fractures in shale gas croduc- 

clan ascribe large -~oiumes of free gas ;c negascopis ar.d rlcroscc~ic 

r’ractuze systems in the shale (Science Asplics7lcP.s Inn,., lC7-\ -,I 1,. 

C'larscte risation Of WV I.637 (LincOi?. Co.) (Su'r‘s191*, Tinosa,l, ZOhIl, 
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ladnat ed ar.d lent J Acularly laminated shale. ?rod.Jctivity in these 

If:hotyTes is favored ‘by richer organic content, which enhances 

sorption capacity, and latersi continuity of fabric tvbfr’? i’ZVO?S -A we 

lateral outgassing or’ the rock. Free gas in megascopic fractures 

comested tc the wellbore has been commonly invoked to expiain the 

initial years of 4 h-gh gas production.from some shale wells. No 

worker, however , has proven the existence of a fracture system Of 

sufficient volume to account for such long term production. 

Schettler (1977, 1978) postulates such fractures may be depleted 

in shorter periods of time (_=erhaps in hours) and :hat gas difftlsion 

from the shale matrix contributes almost excluaiveiy to total gas 

;roduc t ion. The Jac 1369 well had an initial test of 4700 XC? but 

~;uLzkly blew down to a final open flow qf<OO7 ??CF. This 0’0 servation 
i: '.Y-r .-_ 

probably rep resents the rapid deplet’ton-of free gai-from the mega- 
,fi, 7 - -_ .’ 

scopic fractures. Volume of fra&ure. 0orP space should be esti- c .-P 

mated from measurements made o: ‘i&ge numbers of actual core sam-: 
.‘-. 

rJles, and not carelessly invoked -without further supporting data 

to explain iong-tern “free gas” production. 

Tn the subject cork, several petrographic fracture types were 

noted and are tentatively classified in terms of ?cssibIe perneabllity 

and porosity enhaccing characteristics. Vne re the temperature Icg 

indicated gas influx from the lower part of the Huron Member, frac- 

tures were noted in core samples that had I;rominent coarse hackles 

creating a rough silrface. Slight movement along the uneven frac- 

ture surface created numerous “voids” and “;rclgs” that are only 

partiaily mineralized. m’flis type of fracture was observed in sam- 

?lCS fr?om 3725 to 3739 feet. Other examples may have been aresen3 

f*~rtti,s- - - down the ccre, 's;~,r; the core had keen bzc?lg picked :?re," and 

d’ 3arracie -. _ d cr1cr to sam~ling by us. 3ese __ ,,,uros aye -‘..I.Jpi L~;~e~D”a’1d _-“a-* 
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regresent an increase in germeabilicy over thz!f or' the shale zia:rix, 

but appear to have low to moderate Lntercryscalline gorosity. ze- 

t'de=n two such oarallel smooth fractures spaced 3 cn acar?, aar- .- 

tiaily open cross frsctures were occasionally observed. These 

crossfractures are not propped open by partiai mineralization, but 

retain some porosity and a hig3 degree of germeability as a conse- 

Gupnce of - b surface xughness and movement. Near the bostom cl the 

core at 3789 ft~~, horizontal -mineral filled fractures were noted!. 

. These f-ac:ures are t;',gktly cemented by large dolomL:t cystals 

the .,qrosity of these fractures i$?&$!?~?~ . 

that have few iztercrgstalline 

spill k,e higher than that of 

ease of difflisior, along the in~~~~~of the coarse.zrY~sY.als. : 
.& -2 f 

and outcrops IS :ydrrentiy in progzess. 
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A general _ desositicnal model for the Cevonian shales de-Jeloped 

from vertical profile analysis of the most complete stratigraphic 

sequence available in a core (Lincoln - 1637) is presented Ln Xuhfer 

and Vinopal (1979). The iower part of the Euron Member in that Well 

I is interpreted as a nearshore shallow-marine shelf environment. 

In Lint 1637, dominance of the thinly laminated iithOty>e, the lack 

of traction features and the lack of borrowing suggest a quiet 

anoxic environment. The lower part of the Buren Nem.jer in ;a2 1369 

sho*tis a different frequency of lithotyzes than that noted In the 
. 

Lint 1637 core. Nore non-banded and lenticularlg laminated shale $7----r. -_ _ _ 
is present in Jac 1369. Additionally,~the mean quartz Eom2F -. 

of the lower iiuron is lower in JasEn-County. *This difference 
ij&.+.)- .. ---. -9 

Ln quartz content is also pres 
CT 

r; ifi the thinly lu;lillated ii$hOt;J?P. 
-1 b4?jTj - L 

Tie greater relative abundanc~-~~~~u~~rr;r laninated Shales -I ? 
ml-i I. ., 

'1..., J ; *,_ 

and non-banded shales couPled with the iower total qzartz'c5.&T%a' * 
- A 

13 interpreted as indicating an environment further from the scurce 

area in less anoxic and perhaps deeper waters for the lower Zurcn 

Fr. Jackson County. In a deeper-water shelf envirorXlest, condiziom 

that produce stratification and restriction of circulation, would 

'ze more frequently disrupted by the effect of fm?iCgiTg regional 

basin currents. ?erha;s e?ustatlc, climatic, or t2CtOKliC C,,j?Zng;"S 

affected basinai circulafisn allowing stratification to _.- 
ayi St fo- L 

noderate pericds of tine resulting in 'cundles of fi?.ely laminated 

shale in the ugger and lower portions of the lower ;art or' the 

Euron Member in Zackson County. The destructim or' stratifib pd 

-daftrs on the shelf :\rou;d increase bottom circulatLcn germit Ln t s 
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Cc~~~usions and R2conmendations />" - . 

I) Withi,? a specific stratigraphic unit, many varied shale 

lithotypes can be rjresent with widely differing organic natt2r 

contents and fabric elements. Characterization of a stratLgraphic 

interval should be presented in terms of specific rock lithotypes. 

2) Comparison of depth unconnected core sampies with gee- 
p$ 

physical logs indicates that point sampL2s of~~1$2~;,~ithotypes 

ca-nnot commonly be correlattd to s+g~if'c 0 I&p .&~~+~&~i;J$ Tyynse, A, &P,y ,.;., ! :y a 

As such, cable tool or 42 
s .:' ~+.~ 

air rotary saGY~$&qs,2~Iected for 'anaiysi= A..J _- . *, '_ 

a stratZ.graphic unit must be carefullywe%alu&ted before ?.-.--' &Apprg.-ted 
-' - --Y-v 

as indicating significant interxeil differences. Future well cores .~ / 
- -1 

should be logged with h surface scintillometer in order to‘hak$& *, 
+2 ' 

ccmparison Setueec leg data and sample data tiers cbjective. . 2' 

3) Different petrographic fracture types exist, which Lnflu- 

ence permeability and porosity to varying extents. In tentative 

0rSer of permeability enhancing characteristics th2y are: 1 ) coarse, 

hackly, partially mineraliz2d, vertical fractures, 2) partially' 

mineralized cross fractures bet-dsen two vertical fractur05, 3; 

tightly mineralized sub-vertical to vertical fractures, 4i tight ly 

mineralized horizontal fractures. Further research on the ~hySiCa1 

properties and origin of specific petrographic i'racf~~e, 
t;T32s is in 

progress to order to integrate them into a reservoir ZOd2i. 

4) ,T'he highly productive Jac 1359 well is intergr2ttd in terms 

of a f avcrab it lithotype combin2.d with a sl;ecFfic setrograshic 
\ 

fractur2 7772.. (coa,-se, kackly , partially mineralized I'ract'X'eS i 

that .tnhazces >ermezkLlitg. An addi'; 1 onal core should be taken iri 



F!7aTi?e * 157 fueologlcal & Economic Survey’ 
22 . 

t 

between analyzed variables are 
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# 

il2y 'co Abbrevia;lcns in .A?,p2ndic2s 

SX4TLZ - sample nuimber, corrected d2pth i.? felt 

LCSIG 100 - weigh: 5 boss on igTlitiOn, 1(30-55CcC 

USIG 500 - weight; ,3 loss on ignition, 550-1~0~oc 

SULr'UR - total weight 5 sulfur from LECO method 

STZL4T - this Ls simply a numerical designation .(3) r~a:esent~n~ :he 

lcwer Huron interval defined in the well. 

3ULK3EN - bulk density (g/cc) 

HATXX3EN - matrix density (g/cc) 

LCGDEN - bulk density (=/cc) 

Pci3csIrY - 3ercenu porosity 
-4 , -- 

measurements i 

G.UllLA T AZ1 units from $axr!a ray lc= 

QU.aTZ - JI2Z’C2?lt quartz-feldspar (silt) measur2C in thin s2cslon 

E:;II? - relatiV2 &Qount of iboA ciay mineral by :C-rag diff?actj.cn 

i11ite 

coquimbite 

kaolinit 

hemi-hydrate 

anhydritt 

szomolnokite 

quartz 

gJj??it2 

calcite 

dolomite 

c~tkoclsae 

piSgiOClSS2 
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1. 
-rip nnimb _ 

TXniy Lanina';ed Shale Type (A) 3adiogra;h ?csLZ- ?A. &,.V 

c;eclth 3699.5 (lx); (a) negative-print image of chin sec:icn - dscth 

3011.2 (jx). Greater continlitg of lan?iriae shown i,~ +ad!lograg'fl is 

possi*bly explairxd by greater thickI?ess cf sample. 
I- slrb \/ TX for 

p f? * .:q 
ratiograph, 20 wn for thin section) 5-.. 

P \.*&<< -.’ .:; 
rker ~IzrcinapC~~n radiogTa?hs 

raflect Lb.*” ----asing concentrations of puktLc satser. ,C7:?2se app2ar as 
.G& , 

lightast tcnes ori direct negati:r2 pri,nt *$Tage cf 
I : 

thin s+tions. 'd1s3y 

i, 
Silt str2aks appe,ar as da-k laiiiqae in B. L3irrrows and s?$p-3r. "la- yi -- 

. 

- , 

the lateral ccntinxitg provided 57 t?is fabric ?erm~~s qoef;; 

. 
~ .j 
i’ ‘, 

nigrati on of gas through available gore space in -,~.&.Lg’Jr.l’;r~ 
-. .:. + 

c2m4 c =-A.- 
-+’ :- 

:i 
la-ninae, th2 silty lenses ad ianinae, and perhaps chr&.g&)5ke 

// 
/ 

L, 1 lit e-qua5 z 46 --I rza:rrx Lb~2~~. yz2 higher organic .Cor+QCt -Cl’ th2S2 . .dbI- 

shal2s may also permit greater amounts of adsor'bed sas TV exist 

within this lithotype. Nest saaples of thinly. laizinasec’ s2aI.a ;J2r2 

net in the gas groducing ZOOS indicated by the tem~eraCu:e log, 

but many pieces of core were yemoved p,, -‘or to smpli.rlg by us. or- 

-9mic zj-•. rich s’ralt types (thinly laminated ar.d leztlcularl~~ Laxina ted.) 

wit,,k, soderate to high lateral fabric conti,n,uii;;i ccuplcd Xith a :11x7- 

orable getrograph2c fracture type is t2ntatiV2ly 2OK eluded to 2x- 

glain 2ke e:c:remely ‘nigh production cf Zac 1369. 
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2. Lenticularly Laminated Shale Type (A) Positive pztitfrom 

I<-radiograph-depth 3782 (1x); (3) Negative-print image O? thin 

sectian-depth 3505 (5x). Lenticularly lminated shale shons less 

iact? a1 continuity than thinly la&nated shale but the linea? 

fabriC may enhance 3'1s mig?atiOn through available gore space Lf 

30~OSit~ i2Cre2Sing ?yritic wisps (dark streaks on A) and aapr2c: 

lab12 organic matter are present. . Organic COnt2nt Of IeZticUlally 

laminated shale (4.711,) is slightly less than tSat of thinly I am- 

izated shales.(5.8%) in Jac 1369. T‘nis lithotype is more abundant 

ir.te=‘va I and Lz the lower gortion cf the core composing 25% of the 

Ls probably associated with productivity due to favbrablt -l--o- yd v- 

s?aghic fracture types and its high organic matter content. 
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4. :ion-banded Shale Tyrpe (A) Positive -print frorr, X-ra 

2: gxph 

- depth 3754 (lx). (B) Negative print from thin sectlox - depfk 

3455 (5x). ?articles of silt, pyrite, and’organic ;naT;i;e- zre 
dis- 

sersed and no: concentrated so as to prod)Jce a linear fabric. Bur- 

rowing, par-ciculZrly evident Fn A is responsiple in.nany cases . 

for’destrlAction of such fabric and conversion of lazzinated Cy/l=;es 

toward ncnbanded. Some non-banded shales show little evidence ol’ 

bior;urba” ‘lcn (3) ar.d perhaps represent a-11 orL,gi;‘-al nor!-laxinate6 
. 

fabric rei’lec-,lr;g extremely rapid depositron. 
ZIcn-banded shales 

ccmrise 255 or’ Che cored interval. 
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4. Siltstones (A) Positive print from X-radicgraph - 'depth 

3534 (lx). (3) Negative-prkt image cr' thin sect;ion - der;th 3631: 

(5x). Siitst ones comprise Only about 4% of the cored in’;erval: 

Tliey a2e tightly cementeh by carbonate ar,d.have a high (30%) clay 

natrix conter,t. Low porosity (1.48%) and organic content (1.6SS) 

offers iit:le potential for gas productivity. Cone yetions (not 

ill!Astrated? account for the remainder of' the samples. 
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F3ACTUXES ‘. . ~ i.' ., _ 1. \ 'W , -_ 

* .;- 
.; .' >. 

T! \ 

'k '* i 
6) Zsazse, 'nackly VertiC2i fracture from 'tcne r,f &s<pr& . 7 : : . . 

duction noted on temperature log; Radiating hackles ha-re a".~?&%?. 
J 

imun relief of 5 2.x. S,lickensFded sur;aces are evidence for sligkt 

ver+,ical movement after initial fractqqing. Suck. movemen: created 

highly ;ermea.blt vugs -brl?iCh are only partially mineralized. ?llS 

f-acture type is interpreted as cpnzri'9uting SigXifiC2ntlJT CO the 
. 

high final open r'low (1007 XCF) cl' Jac 1369. Other txam>:les were 

ncted in a 20 fC0 t LnterVai and ay;geared to 'ce urvelazed t3 aZ:J 

S?eCifiC lii;hOtJpe. Speciizen is from a core depth of 3723 feet. 

Xidt‘r, cf czre la 2 Inches. 
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7: Cross fracture <eveloped between, t,wo Vertlcai, parallel, 

tig;r_cly mineralized fractures. Surface rougkness of Zke CT335 

fracture combized dth sligxt o.ffsetti.?g crea';ed perneab9e xugs 

which xere slighslg inr'illed by car'bonate. Examplts or' this fracture 

type were no';ed 12 the pay zone of Jac 1369 . Althougk the le?gtk 

of the fracture 2s by the filled 

*rertical fractures) 

S 3 e c I &me r, is frcn a 

Lr,ckes . 
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9) ‘Vertical ts sub-ver:icai smooth fracture That is fightly 

mineralizeC. The smcothness of t’ne fracture grever,ts fp.e deve:- 

opment .of vugs if s1-Ight offsesting occurs. Zven though the frac- 

ta’bilit:y 3a;r ‘5e hiiiher tkan ;;.?a: of the shale ma:riX. Tl-15 . z-,-SC- 

ture t;r?e is interpreted as $eini; .far less inporrant i,r. esta3li3hi2g 

fracture types. SpeCiIXn 

of core Is ! ixches. 

is 

- ̂  
-u 7 : 

i 
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9) Zorizonzai mineralized fractures as 
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! .\ 

seeq in radio grag'h , 

grint (jx). Fractures are very dark I mm thick discontinuous bands 
/I 

parallel to stratLfication. ACCOmDWl~ing pkTOtOdC?Cgra~h ShOWS 

Z,L@tlg mineralized cature of fracture. These fractures are from 

XI unproductive z3c.e as indicated 'by the temperature 10s. 3e 

tight mineralization combbed with a horizontal orientatlcn ??e- 

vent 3 2hese fractures from draini.ng gas out of an appreciz>le 

vo lsxme 0 f the Shale matrix. Specimen, is Porn a core depth or' 

3739 feet. 
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C'nivaziate analyses oi’ variance (.l.?iW::: tab15 1) creatse2c;k 

variable in isolation; an in?crtant advantage in the uss cr' multi- 

variate analysis of variance (XAXOVA) lies Ln the r’act that a11 of 

the variables are treated siaultaneouslg, and therefore error CP 

variation ca,-. . . be extracted from the data ar,d betxeen-sroup dLf- 

fezences enhanced. ?igu~e 1 or' this 3eccion illustrates this fsct. 
b 

AXOVA for each or' the vaniates I. slgsificant dir'- 

?erer.ce bet-deer, ';he 7cQse pllce- 
-3 ' .a 

ce3t 3r' the means 2nd great ..grotigs as groj e.c32 

‘=s ei axis . “NW. Eowever , -di?ef! the within=gzWup 
“& .d. '. -. 

iS taken into ac?oCnt, acid the coints projec$eG.pn an -axis Sep?;+ .* 

... i 

: second advar,taqe lies in the fact tha'; acltivz~~zte dat2 sets 
iL 

, . 
soxi~only :have ,z~ore t’nan txo variables, and SC a neznoa that gr3,:"CtS 

:he s2J;lgl.e coordinates on;0 a r’ew axes allows one to visually- 2SSeS 

group segarabilif:r and st*cldy i;‘re relasiTie ;os,~~ 4 + -4 C;Is 0 f jJjdiT~i~U2l 

szcT3les. ?IAxOV.A involves calrul.atio- or' a set of "eigenvec,tors" 
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0: the eigenvestors by tke input data provides tkl?e grojestlcns Or' 

t ,l e 32inples cn the axes r’C? subseol-err; 
4-c: 

.A ~10"~~2-! 3. 

Incut to NANOVA includes specification of a mdel, that is, :ke 

classification variables that define SrcuT) menbership. 
TOT? ex2I;I- 

P le, T;he 1ith‘OlOgic types COiRpriSe a cl2ssific2tiOn vzriable, 2nd 

each saznple is 2ssig;ned to t$e 2Fsyoppiate gr~ug. 
,MAXOVA calcxlases 

a num'cer of statistics, includT.ng measures of v2ri2ncP and covariance, 

an d eigenvectors, ar.d tests the null hypothesis that there txists 

no differences in g-ous ;neans, e.g. the .r.odel cka3 the litholcgic 

tgees show Sigilificant CffereRces among 1ir;hologic t-y?es. Cne car-i 

call this a "litholsgic effect". 
, . 

--. 
.' '. -_- 

;. . ! I 
-, 3 

:* 
. ̂  "1. ', 

;? I 
, 4 

. 

i 
i 
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30th elasaificatioh- vzriables lithologic type (Table 2) ar,d core 

(72bJ.e 3),were found to be highiy significant in ThP P?.4XcxA . The 

elgenvectors - width entries for ezch variable nulti~lied by the 

square roct of the within-groups error - give some indication of 

density, SOrOSitji, 

order of importance (Table q>. 3ecause only two 

the data, the node1 testing for a core-effect yLelds 

genvector. xaj or di"ferences 'cetween cores can be zttrlbuted to 

ex?acdz'ble-layer c12ys, po~sicy, log density, bulk density, ar,d sul- 

"J-r, & in deseer.ding order. 

31. .A O:aPL: ,-,,,cn of the saz~ple points on the 2xes czlculzted fFoin the 

lithologic er'fect (?igure 2) shows good group separation des?Lfe 

overlag, with the bar,ded san;r;les intermediate to the finely lan- 

Lnated on the one hand, 2nd the non-bar,ded on the other. This 

-a? aci;le -MA- placernezt of the lithologiz types is conslsfer,t xitk? 

visual appe2r2cce, 2s Well as With i3terpzetatiCC Of the gOSt- 

mdepositicnzl histories of the varicus LithOlOgLC tygeS. 
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Yultiple Range Test 

Analysis of variance (AXOVA) shows that differences exist by 

lithoeype and/or well for certain mineralogic and ghgsicai pars- 

meters. Wnen s.uch differences are indicated, the ZA.ltiglt range 

test can be ‘used to g~otlp the means into subgrcuDs of not significantlg 

diS tinguishable means. The program util<ze,d contained irra!mer’s 
,- ’ ,-’ ‘,. 

eX?~E?sion which corrected fQ,r unequal popuiatfGn' size. 3n.t lower . 

%UTGZi int ervai i2 Jac 1369 was.campared to the lower Huron interval 
. 5 

-I - x*nc. -A* 1637 on the basis of lithotypes r’or seleeted~.parameters 
_- *. , 

,(Table. 1). All means that fall within-the same groupir?:-$Te not 

significantly different. 
./ 

. . k2or.g mLnerilogic parameters, less total quartz and-,?ilt is . 
,/’ 

present In the thhnly laminated acd lenticularly - larrina,, “t 3 d 1 i t ;lo - 

,’ 
types in Jac l?c’S. Z4ore iilite is prosefit 25. a11 lTi,h -jt>es in 

/@ 

Zac 1353 parailzling the decrease in quartz. The high27 clay con- 
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In ccm?aring means 5r varizz~zes, ssme ~x~erui33 3' UL.e ds- 

;;ribution must be 'kncwn 50 select the ap?rcprLatz statistical test. 

TtstLn g for normality can be quickly acc -omplished anti shculi be 

done before "b comparing data from Cifferont lit:n.otyces or ~011s. The 

Kolacgorov-Smirnov one saxq3le test: r'3r normality compares th3 saiiple 

distribution to a hypothetical normal distribution. ?Les*i'7 3 for 
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Thin Section XLneralogy 

X-Zag Dif'f raction IYinerzlogy 

Texture-fabric from thin'sections 

Texture -fabric frcm L-raiiogrsphy 

Yes 

‘Yes 

Yes 

NO 

Yes 

YSS 

Yes 

Yes 

Zectrcn Microscogy Cr’ selectee', samples 

Orgznic M2tter f-cm ILIZ 

3uik Zensity 

Xztrix Density 

"orosity Kezsurement + 

Nzterizl 3alance 3ensit;J 

Zsrrelztion Bnaiyses Xhcle Yell 

CO rrelation A.zz~zlgses by Lithotyge 

‘St-i; Log Zresentztlons 

Xeiaze petrology to log datz 

Yultivari2te 1 Analysis 
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Z.E. Florence - Ini ZF21 sample prepzrztion, chin-siabbing of shales 

A "or X-rsdioqsghy, ?re>arstion of 2zchi7.3 material. 

x. 2. ;SOhrL - Computer generation of ' ,linear cor- 

relation snalyses; 

3.z. -- e L2"OS - S2m;le seiecticn, 

D , ',d . Xe ai - strztigraptiy CQ; ; .. T,, 

2.3. kWTer'- Sesign of investigation; 
_ 'C . ? 

methoc5o~~i.g , f2bri.c c:ias35- 
>' 

r'iC2TiOC Or iithctyges by X-rzdiogasky ar,d .c~~il~.secSion.?ri.?ts, .4+ e.. 
';v“. ; 

:c- ray difr'r ecticn study, denisty 2nd porosity ev&iua:ion,'.) 
w; 
L' _, 

<>.' 

s 22nni.ng elect ran microscopy, log 2n2iysis, petrogrschic.inter- 

sretation of correl2Zion analyses, orgzniz2ticn or' 

2r,d irsergretzz ion, conclusions 2nd reconmend2tions, org2r.iza- 

tion of recor:, ehozography. 

; . ; . 3enton - Ii-r2y Cffraction analyses. 

7.x. Snosna - Coor4'*2'icn 2nd su3ervisLon. --I. v 

a . J . IJinOp21 - Chin section point cour,Z ~121y~e~, fabric cl2~sl- 

ficztion of ii';hotypes from X-rzdiogaphy, thin section grints, 

2.2 d &' bnln sec';ions, density-porosity e72luztion, 1css cn igz-itLon 

determi~z~ions, density-pbrosicy mezsuremer?ts, cr52niczClon of 

52f: 2, get rcgr23hlc L.id"d '*tn~~~P'2t~oyA 0," -r-l, cgrrelzfion 1'721yses, szn- 

Ci”S4 oils d - 2nd recsmmecdations, organlzzzlzrz o: re?c-ni;, 32m21e 

se lecsion. 


